Bridge Building “Capstone “Task

(adapted from “Building Toothpick Bridges” by Jeanne Pollard)
INTRODUCTION

This project is intended for small groups of students to design and build a model truss bridge of wooden toothpicks from specifications given in the contest rules and building code.  Every group will act as a construction company.  Each model bridge will be evaluated in a number of categories.  In addition, groups will keep to schedules set by the teacher, keep inventory records, and balance sheets of costs.  

THE TEACHER’S ROLE

Throughout the project, the teacher takes on different roles.  At first, the teacher is the general organizer.  The teacher is also the warehouse manager, the person that sells the supplies to the construction companies.  The teacher is also the auditor, the person the construction companies can call on to make sure their plans and bridge are up to code.  At the end of the project, the teacher becomes the judge.
SET-UP

Prior to beginning the project, give some thought to how students will be grouped.  There should be at least three students per group, one student will act as the accountant, another student will act as the architect and another student will act as the material manager. All students will act as carpenters. 
You will need to collect the following materials;

Materials

· Flat Toothpicks

· Cardboard (one piece, 15 cm x 35 cm, per company).  This is for the base of the bridge.  It should be uniform without bends.  Thickness is not important.

· White glue

· Bottle caps, or other disposable containers (at least one per company).  These are containers in which the glue will be sold daily.

· Metric rulers
· Wax paper

· Graph paper

· Large manila envelopes or folders (one per company).

· Warehouse price list poster

· OPEN/CLOSED sign for warehouse.

· Copies of reproducibles

· Coffee cans (or Chinese food containers, plastic deli containers etc…)

· Metric weights (or objects that can be marked with specified weights)  

TIMETABLE
Day 1: Introducing the project

Objectives: Give a general review to bridge building. Give a general introduction to the project.

Day 2: Forming construction companies  
Objectives: Explain the project, discuss the details, and establish the construction companies. Hand out copies of building code.

Day 3: Learning the jobs  

Objectives: Explain the roles of the accountants, architects, material managers and carpenters (You may choose to explain whole class or small group by job category). Be ready to hand out the order forms, the checks, and the balance sheets.
Accountants

Distribute the balance sheets and the checks.  Explain that each company will begin with a balance of $1,550,000 in the account.  Review procedures for writing checks and how to use the balance sheets to keep track of expenses.

Architects

Briefly explain how they will use graph paper to draw the top view, side view, roadbed, and end view of the bridge (exact size).  Suggest that they use scratch paper for rough drafts of the bridge designs.  Discuss how they will have to estimate the number of toothpicks to order before the bridge is built.  Encourage creativity in their design task, but emphasize that the bridges should be economical and strong.  On this day, architects will have to order building-plans paper (graph paper) from the warehouse.
Material Managers

Briefly explain how to keep inventory of the materials the company purchases.
Carpenters

Tell carpenters to use wax paper on top of graph paper to keep the original plans clean.

Emphasize to all students that their hardest task will be keeping the company working together.  
Procedure for ordering supplies:
The architect fills out the order form for construction supplies and gives it to the accountant.  

The accountant writes and signs a check to accompany the order form when it is given to the warehouse.

The material manager takes the check and order form to the supplies warehouse and picks up the supplies.  The manager should keep inventory of the materials.  The material manager is the only person that does business with the warehouse.
Day 4: Planning day
Objectives: Design the bridge.
All students in each group help to design the bridge.  Architect is responsible for drawing the blueprints to the bridge.
Day 5: First building day

Objectives: Conduct business at the warehouse and let groups proceed with bridge construction.
Each architect presents the bridge design to the company and draw over the plans in permanent ink.  Then architects will begin ordering construction supplies.  

Hang out the open sign and price list poster.  Accept orders and fill them as soon as possible so that companies can begin construction.  Companies should only pay once per day for welding material (glue).  A new order form is not required if refills are needed that day.  The warehouse should keep a balance sheet for each individual company.  These will be useful for audits and to check accountant records.

Days 6-9: Construction days

Objectives: Bridge construction continues.

Day 9 should be the last day of construction.  

Day 10: Finishing up
Objective: Students make sure that everything is in order.  This includes blueprints, balance sheets, list of inventory, and bridge.  Everything is turned in to teacher for judging.

JUDGING

Objective: Preliminary judging in all categories except bridge strength.  Students are not involved in this stage of the judging.  Select other adults to help you in the judging, if you wish.

Empty the contents of each company’s manila envelope on a table and look at the company’s records.  Check the accountant’s figures.  Compare each balance sheet against the warehouse’s records.  Check each company’s inventory records.  Look at the architect’s plans and inspect the constructed bridges.  You should give out awards to the best company in each category.
 BRIDGE BREAKING

Objective: Hold bridge breaking and award ceremony.
1. On poster board, make a large chart with the name of each construction company and a blank column to fill in with the greatest weight each company’s bridge is able to support. 
	Company
	weight

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	


2. Gather weights, a lightweight can (or other container) with three or four pieces of string (about 18cm long) attached to it and a short stick or pencil.  If metric weights are not available, collect various classroom or household objects (scissors, staplers, screwdrivers, etc.).  Weigh them with a metric scale, and label them (using masking tape) with the correct amounts.  The various objects should weigh a total of at least 2500 grams, but each item should represent only a small increment of that amount.  Don’t forget to weigh and label the bucket with the strings.  

3.  To begin the bridge-breaking ceremony, set up two desks about 25 cm apart on top of a large table.  Place the weights on the large desk.  Tape the cardboard securely to the desks.  Tie together the strings attached to the bucket, making a small loop at the top with one of the strings.  Feed the loop up through the square hole in the cardboard and through the base of the bridge.  Place the pencil or stick through the loop and across the bridge, where a deck might be.  Place a weight in the bucket one at a time.  If the bridge begins to sag or break, wait 30 seconds before adding another weight to the bucket.  When the bridge finally breaks, eliminate the last weight added from the total amount.  Record the score on the chart.  The bridge having the highest score, after all the bridges have been broken, wins the bridge strength test.  
4. Present a certificate to the winning company.  Plan to have a small celebration.

BRIDGEBUILDING RUBRIC

                                    4                                   3                              2                                  1
	
	Distinguished

(25 points)
	Effective

(20 points)
	Limited

(15 points)
	Attempted

(10 points)

	Content
	Bridge was built according to code using only materials supplied by warehouse; bridge was built within budget.  Excellent records were kept.
	Bridge was built with little errors in building code using only materials supplied by warehouse; built within budget.  Good records were kept.
	Bridge was not

completely built within code; non-approved materials used;

construction went little over budget.  Records were not well kept.
	Showed little incorporation of

building code; non-approved materials used; budget was disregarded.  Little or no records were kept.

	Presentation
	Visually striking; design pays attention to function and appearance


	Attractive; design pays attention to function and appearance
	Design does not pay attention to function or appearance
	 Messy; poor construction

	Mechanics
	Bridge design matches blueprint; blueprint shows all four views.


	Few errors in design; design closely matches blueprint; blueprint shows all four views.
	Design does not match blueprint; blueprint missing view(s).
	Missing blueprint and or incomplete bridge

	Use of class

time
	Used class time very

efficiently, came to every

class prepared and ready to

work.  Excellent teamwork.
	Used most of class

time efficiently.  Good teamwork.
	     Not prepared for

more than one class,

wasted class time.  Had difficulty working as team.
	        Was not prepared for

most classes and did not

use classes effectively.  Did not work as team.


COMMENTS:  You must turn in your blueprints, balance sheet(s) and inventory records with your bridge.
Warehouse Price List

Land (cardboard)                                                                          $500,000

Lumber (toothpicks)                                                                       $10,000 per piece

Welding material (glue)                                                                       $850 per day’s supply

Building plans paper (4 sheets graph/wax paper)                            $40,000

Extra sheets of either paper                                                              $10,000 per sheet

Audit service                                                                                       $2,000
Bridge Building Contest Rules

I. The bridge must be built according to the bridge building code, using only materials supplied by the (name of teacher’s supply company).
II. The bridge will be judged for the quality of the building plans and the strength of the bridge.
A. The building plans will consider neatness of the finished bridge, cost of the bridge, and how well the finished bridge matches the blueprints.

B. The bridge will be tested for strength by placing a bar across the middle of the bridge and hanging weights from the bar.
1. The teacher will suspend weights from the bridge.

2. The last weight that the bridge holds for 30 seconds without touching the cardboard in any spot (except foundation) is the weight recorded for the strength of the bridge.
Bridge Building Code

1. Build the bridge on a piece of cardboard 15cm x 35cm (figure 1).
2. Draw a river, 15 cm wide, in the middle of the cardboard (figure 1).
3. Draw one 5-cm square at each end of the cardboard, 2.5 cm from the river and 2.5 cm from the edge (figure 2).
4. Draw and cut a 4-cm square exactly in the center of the cardboard, in the river (figure 2).

5. Draw plans (blueprints) of the bridge to show four views: the view from one end, the side view, the road bed, and the top view.  The plans must be readable, clear, and may not be changed once construction has begun.

6. When building the bridge, apply glue sparingly only to join the toothpicks.

7. The bridge must at all times touch only the cardboard inside the drawn squares.  Toothpicks may be glued into holes punched in the cardboard inside the squares.

8. The bridge must be more than 5 cm high.  This distance is measured from the cardboard to where the deck of the bridge would be.  The boat, 5 cm tall, must be able to travel the length of the river.  

9. The bridge must be at least 4 cm wide.  The truck, 3.5 cm wide, must be able to travel the length of the road, if the bridge had a deck.
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____________________________ COMPANY WAREHOUSE

ORDER FORM

Order number ____________                                                                             Date _______________
Company name _____________________________________________________________________

Check number _______________           Accountant’s signature ______________________________

	Item ordered

	How many
	Cost each
	Total cost

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	TOTAL
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BALANCE SHEET
Company Name _______________________________________________________________________
                                                                                                                  Beginning balance $1,500,000.00
	Check

number
	Date
	To whom check is written
	Check amount and balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance

	
	
	
	amount

	
	
	
	balance


PLANNING PAPER
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	                                                                                                               Check No. ____________

                                                                                           DATE__________________________

  PAY TO THE 

  ORDER OF__________________________________________________________________
  ___________________________________________________________________DOLLARS
  ____________________________                                  _____________________________
           COMPANY NAME                                                  ACCOUNTANT’S SIGNATURE
	                                                                                                               Check No. ____________

                                                                                           DATE__________________________

  PAY TO THE 

  ORDER OF__________________________________________________________________
  ___________________________________________________________________DOLLARS
  ____________________________                                  _____________________________
           COMPANY NAME                                                  ACCOUNTANT’S SIGNATURE

	                                                                                                               Check No. ____________

                                                                                           DATE__________________________

  PAY TO THE 

  ORDER OF__________________________________________________________________
  ___________________________________________________________________DOLLARS
  ____________________________                                  _____________________________
           COMPANY NAME                                                  ACCOUNTANT’S SIGNATURE
	                                                                                                               Check No. ____________

                                                                                           DATE__________________________

  PAY TO THE 

  ORDER OF__________________________________________________________________
  ___________________________________________________________________DOLLARS
  ____________________________                                  _____________________________
           COMPANY NAME                                                  ACCOUNTANT’S SIGNATURE

	                                                                                                               Check No. ____________

                                                                                           DATE__________________________

  PAY TO THE 

  ORDER OF__________________________________________________________________
  ___________________________________________________________________DOLLARS
  ____________________________                                  _____________________________
           COMPANY NAME                                                  ACCOUNTANT’S SIGNATURE
	                                                                                                               Check No. ____________

                                                                                           DATE__________________________

  PAY TO THE 

  ORDER OF__________________________________________________________________
  ___________________________________________________________________DOLLARS
  ____________________________                                  _____________________________
           COMPANY NAME                                                  ACCOUNTANT’S SIGNATURE
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